Despite lacking a formal peer-reviewed publication, the Game Experience Questionnaire (GEQ) is widely applied in games research, which might risk the proliferation of erroneous study implications. This concern motivated us to conduct a systematic literature review of 73 publications, analysing how and why the GEQ and its variants have been employed in current research. Besides inconsistent reporting of psychometric properties, we found that misleading citation practices with regards to the source, rationale and number of items reported were prevalent, which in part seem to stem from confusion over the "manuscript in preparation" status. Additionally, we present the results of a validation study (N = 633), which found no evidence for the originally postulated 7-factor structure of the GEQ. Based on these findings, we discuss the challenges inherent to the "manuscript in preparation" status and provide recommendations for authors, researchers, educators, and reviewers on how to improve reporting, citation and publication practices.
INTRODUCTION
In the last decade games research has become increasingly prominent in HCI, and concomitantly various self-report measuring instruments have been developed to evaluate gameplay experiences. Among others, the Game Experience Questionnaire (GEQ) [54] (including its variants) has widely been applied by games researchers and practitioners to a broad scope of game genres, user groups, gaming environments, and purposes [48, 50] . These range from an individual gamer playing Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. a console game with a joystick [18] , over a co-located social game on a multi-touch tabletop for older adults [43] or massive online battle arena (MOBA) games for hardcore gamers [31] , to immersive virtual learning environments for students [29] .
While the GEQ appears to be a versatile tool, ironically its psychometric properties are yet to be established [6, 30, 31, 50] . Oftentimes, the rationale for employing the GEQ is simply because it has already been used in many other studies. Provocatively speaking, if the GEQ were invalid, its uncritical use might lead to erroneous conclusions and implications. A caveat we want to highlight is that the prevalence of a tool does not necessarily imply its validity. This concern has motivated us to look into the basic why and how questions regarding the uses of the GEQ in games research.
What is the history of the GEQ? The original version comprising 42 items across 7 factors (i.e., Challenge, Competence, Flow, Immersion, Tension, as well as Positive and Negative Affect) was documented as a deliverable of a European research project FUGA ("The Fun of Gaming") by Karolien Poels, Yvonne De Kort and Wijnand IJsselsteijn, and dated 2007 [54] . However, the deliverable was not publicly accessible until some years later; the exact timing is not known. Meanwhile, a 10-page publicly accessible online document dated 2013 [25] was published by the original authors of the GEQ, where the GEQ was described as a 33-item module, which nevertheless retained the original 7-factor structure. However, no explanation was given for the change in that document or elsewhere (NB: a query on this matter posed to one of the original GEQ authors did not yield any response). A handful of attempts were undertaken to verify the factor structure of the GEQ [6, 30, 31] , which all reported inconsistent results with the collapse of the existing factors and emergence of new ones. The 7-factor structure seems not replicable by any research groups other than the originators of the GEQ.
Consequently, the confusing history of the GEQ motivated us to conduct a systematic analysis of 73 publications and a validation study with 633 participants. We focus our analytic and empirical work on the core GEQ module only, due to it being considered the most problematic of the FUGA deliverables [6, 31, 50] . Results thereof enable us to infer a clear implication that despite its popularity the GEQ needs to be applied with caution and conscientiousness, especially given its empirically unstable 7-factor structure. Indeed, some researchers justified their decision to not use the GEQ, based on their observation that "the GEQ and its validation has not been published in its entirety except for overview articles" ( [8] , p.1071). Other researchers seem more lenient, arguing that the wide adoption of the GEQ without its being formally published could be an example to query the necessity as well as utility of the peer review process (e.g., [50] ). Nonetheless, we share the principle upheld by the former while being deeply cautious as well as sceptical about the latter.
Our review revealed a disarray of the references cited. Examples include mis-citing a questionnaire with a similar name 'Game Engagement Questionnaire' [3] ; using the 33-item GEQ while referencing the document with the 42-item version [42] ; citing GEQ as a manuscript under preparation by papers as recent as 2017 [57, 58] . This resonates loudly and clearly with the criticism of Marshall and Linehan [45] on HCI's "failure of scholarship". As this could be an entrenched problem going beyond the GEQ, we discuss it from a broader perspective -not only with regards to research but also education in HCI and games research.
The main contribution of this work is threefold:
• We identify problems with the provision and application of the GEQ by systematically analysing why it has been chosen and how it has been administered. Our findings provide insights for improving the practice of publicizing and publishing a tool on the provider (i.e., originator / author) side, as well as quality-checking the tool on the consumer (i.e., user) side.
• We provide empirical evidence to corroborate the recommendation that the original factor structure and items of the GEQ be revised. While there is a strong need of a tool like the GEQ, such a tool should be robust to allow valid implications and conclusions to be drawn.
• We lend further support to the criticism of poor research practice of citing prior work [45, 46] . We identify an even more basic problem with regards to proper citations, especially manuscripts in preparation, thereby inferring implications for different roles -author, researcher, reviewer, and educators.
The rest of the paper is structured as follows. First, we describe the process and results of our systematic literature review. Second, we present the design and results of the online survey. We reflect on the insights gained in the Discussion and conclude this work with its implications for future research along this line of inquiry.
SYSTEMATIC LITERATURE REVIEW

Method
The selection of the publications was done according to an adapted QUOROM procedure, which has previously been employed to review research on user experience [2] and game enjoyment [48] .
Source selection:
Instead of limiting our search to a pre-defined set of venues, we searched the Scopus database, as it covers most publication venues relevant to HCI and games research (e.g., CHI, CHI PLAY, International Journal of Human-Computer Studies).
Search procedure:
The database was searched with the combined terms game, experience and questionnaire. Additionally, at least one of the original authors of the GEQ -IJsselsteijn, de Kort and Poelshad to be cited in the references.
Screening criteria:
For the search query we set the time frame from 2007 to 2017, as this covered over 10 years from the time when the original GEQ report was dated. Only papers that were written in English and published in journals or conference proceedings were considered.
Selection criteria for inclusion in the final analysis:
Altogether 515 papers were identified, although only 147 explicitly referred to the GEQ, with the earliest having been published in 2008. Upon closer analysis, 74 were excluded due to one of the following reasons: (i) Variants of the GEQ (In-game GEQ, Post GEQ, Social Presence in Gaming Questionnaire (SPGQ), KidsGEQ) rather than the core GEQ were employed (e.g., [20] ); (ii) The GEQ dimensions were only used to inform the development of the authors' own instrument (e.g., [39] ); (ii) The GEQ was claimed to be used but no results were reported (e.g., [36] ); (iii) The GEQ was cited but another instrument was actually used (e.g., [64] ); (iv) The paper was a duplicate (i.e., same study, same sample), though with a different title (e.g., [17] ). In this case, only the earliest publication was included. Eventually, we analysed 73 papers that used the GEQ in its full or partial form. The final list of 73 papers is available as supplementary material. Figure 1 shows the distribution over the span of 10 years.
Papers were coded with regards to whether the full 7-factor questionnaire, only individual dimensions or items were used; which source was cited; the rationale for employing the GEQ; the aim of the study; what game(s) was studied; and whether any psychometric properties of the GEQ were reported (i.e., Cronbach's α, factor loadings). All coding spreadsheets are included as supplementary material.
Data analysis and results
In the following we report on the analysis of the 73 reviewed papers. Results are structured into general observations with respect to the rationales for employing the GEQ and its application, followed by a more in-depth look at the actual items reported, the cited references, as well as the psychometric properties
Rationale for Using the GEQ Only 31 papers (42.5%) provided a clear rationale for why the GEQ was chosen, which we categorised into four groups as follows:
• claiming that the GEQ was validated (n = 13; seven of which were published in and before 2012) -despite the lack of such a peer-reviewed formal publication [12] ;
• that the GEQ is popular and widely used in previous studies with different game genres (n = 10);
• the multidimensional structure of the GEQ (n = 8);
• that the GEQ was theoretically and empirically grounded with quality items (n = 6).
There were also some pragmatic reasons which were mentioned only once. For instance, the GEQ was free of charge [14] or quantitative and inclusive [10] . Note that some papers provided several rationales.
Application of the GEQ
The reviewed studies varied considerably with regards to their aims and the games they examined. The GEQ was commonly employed to evaluate new games or playful systems (e.g., [53] ), but also used to assess the player experience of popular and commercially successful games (e.g., [31, 57] ). Other studies included the GEQ to triangulate with physiological measures and/or in-game behavioral data (e.g., [51] ).
Notably, the majority of reviewed papers (n = 47, 64%) did not report the number of items of the GEQ, or simply provided the overall number of items used in the study (e.g., [47] report 50 items, which encompass both the GEQ and the SPGQ), making it difficult to infer which version of the questionnaire had been employed. However, even if the number of GEQ items was stated, we observed inconsistent reporting. In particular, when the GEQ was reportedly administered in its full and unmodified form with the 7-factor structure, the number of reported items varied considerably (33, 34, 35, 36, 38 or 42) .
We also looked into whether and how the GEQ was modified in the studies. Some included only a subset of the GEQ components or even a subset of items of a specific component, with the reported number of items ranging from 5 (e.g., only the Flow component with 5 items [32] ) to 25 items (i.e., 5 subcomponents each with 5 items [63] ). However, justification for the selection was seldom provided. One example is given by Johnson et al. [31] , where the GEQ Competence component was dropped as it overlapped with the Player Experience of Needs Satisfaction dimension of the same name [62] .
In addition, 14 papers mentioned modifying the GEQ in some way, but how and why the changes were made was rarely reported. Some exceptions are: in [34] , "[...] there are still some items in the GEQ that cannot be applied for board games. Unlike most digital games, the board game Mastermind offers its players neither a storyline nor an imaginary world to immerse in" (p.253-254). Also, in [40] , "[...] in 4 items, the word 'game' changed into 'application' " (p. 61). In two cases, some components/items were dropped as a result of factor analysis, in [31] "In total, seven items were dropped, and a final 6-factor solution (which explained 50.4% of the variance) was chosen as best reflecting the underlying structure." (p.2267) and in [33] where 5 items were dropped.
Concomitantly, we checked whether modifications were applied to the wording and labeling of the scale. The GEQ originally features a 5-point Likert scale with the leftmost descriptor: "0 = Not at all" and the rightmost descriptor: "4 = Extremely" [25, 54] . Out of 73 papers, 40 did not report on the scale used. For the remaining 33 only six adhered to the original format, 18 made a minor modification in numbering from 0-4 to 1-5 and six changed the descriptors in terms of 'agreement' (e.g., completely (dis)agree, strongly (dis)agree). Three peculiar ones include a 6-point scale [29] , a mix of 5-and 6-point scales [38] , and a pictorial (smiley) scale for elderly participants [19] .
Confusing and untraceable references
The aforementioned inconsistencies with regards to item numbers motivated us to identify the sources the reviewed papers referenced.
The originators of the GEQ provided information on how to cite the published versions of 2007 and 2013 in the APA format on the front page of the respective reports [25, 54] . We label the two citations as GEQv07 and GEQv13, respectively.
• GEQv07: Poels, K. Curiously, we identified 15 different references to the GEQ (see Table 1 ) in the papers reviewed, including 4 different references labeled as "Manuscript in Preparation". We take a lenient assumption that given that GEQv07 and GEQv13 were both publicly accessible in 2013, the majority of publications should have cited either of these two official references. However, GEQv07 was referenced only once by a paper published in 2015 [42] , albeit with a slight variation, and none of the 73 papers cited GEQv13. Strictly speaking, only 1% of the references were adequate. The GEQ was cited as Manuscript in preparation without a publication year. SPGQ [13] 2 (2.7%) 9-page conference paper documenting the development of the SPGQ. URL 1 (1.4%) The link to the FUGA homepage: http://www.gamexplab.nl without specifying the location of the document. Table 1 . Cited sources referenced in the studies using the GEQ. Note that numbers do not add up to 100%, because 3 publications referenced 2 sources.
Although ACE and M_Beh are two overview articles presenting no actual GEQ items, they were referenced 15 times (20%) altogether, with 13 mentions post-2013 (see Table 2 ). The four different "Manuscript in Preparation" references (Prep_08, Prep_13, Prep_15 and Prep_nd) amount to 26 instances (34%); all featuring the same authorship but slightly different titles. However, they differed with regards to the year of preparation, with fifteen of them not even providing any date. While it is more acceptable for the papers published pre-2013 to cite Prep_08, it is perplexing that papers published as recently as 2015, 2016 and even 2017 referred to the GEQ as still under preparation, up to a decade after it was first released. Similarly bizarre is that according to two 2017 papers [57, 58] which do not include any GEQ items; (iv) citing the Social Presence in Gaming Questionnaire (SPGQ) of which items are different from the core GEQ [43, 60] ; (v) citing the URL of the homepage of the research lab of which the GEQ originators were members, but without specifying the location of the document [63] ; (vi) providing the authors and title of the GEQ without publication year or status [21] . These add up to 8 instances (or more than 10%) of the reviewed papers.
To further complicate matters, most papers did not state where and when the related document and the GEQ items were obtained. It remains unclear whether they were downloaded, for which a web address and retrieval date should have been reported, or sent by the GEQ originators or other researchers, for which a note of dated personal communication should have been included. Without this basic information, it is, for instance, difficult to tell if Prep_08 is the same as GEQv13; the former may refer to a Word document 1 of which the content is identical to the latter 2 (in pdf) except for the cover page.
It was particularly challenging to disambiguate "Citation-08", which was the most frequent reference with 25 instances (34.2% The phrase in the sub-heading "the psychological impact" was replaced by "player experiences" in Citation-08, which also dropped the status of "in preparation" while retaining the year of publication. For Prep_08, different combinations and word orders were used for the title. Later in GEQv13, the whole subheading was removed.
The hitherto analysis raises the question about the reliability of the references used in the papers reviewed. We estimated this reliability by collapsing the categories listed in Table 2 into two major groups: Item-Source and No-Item-Source. The former consists of Citation-08, GEQv07, and the four "Manuscript in Preparation" references, which could in principle be sources of the GEQ items, whereas the latter comprises the other 8 references, which did not explicitly present any GEQ items.
As discussed above, the papers of 2014-2017 should have referenced GEQv07 or GEQv13, which were openly accessible in 2013, and the status of Manuscript in Preparation should have been dropped; otherwise, the references should be considered questionable. Arguing along this line, the references of those papers published in and before 2013 using one of the possible item sources are considered as acceptable. Table 3 summarises the distribution.
The acceptable references include Item-Source-Subtotal for 2008-2013 and only one instance of GEQv07 in 2014-2017 (i.e. 30 + 1), resulting in 41% reliability (i.e. 31/76), which is rather low. Nevertheless, it is reasonable to assume that most, if not all of the authors of the reviewed papers, did have access to a source of the core GEQ items for their work, irrespective of the unreliable way of citing it.
Cited Item Sources
As shown in Table 4 , 8 of 15 papers which employed the full 33-item version of the GEQ (F33) referenced sources that did not list any GEQ items (4 ACE, 3 M_Beh, and 1 Future Play); with 12 of these papers having been published post-2013, suggesting that they could have referenced GEQv13. It is unclear how authors accessed the 33-item version of the GEQ, when they cited these sources. As described above, in GEQv07 the core module still had 42 items of which 6 items were optional; the reduction from 42 to 33 items (GEQv13) happened at some point and for some unknown reason. Intuitively, the 9 papers of F34-F42 should have been based on GEQv07. The variety of papers using anywhere from 34 to 42 items highlights the flexibility of the GEQ, but also suggests a lack of guidelines on item inclusion/exclusion. Furthermore, it is worrisome to note that the majority of reviewed papers (47 out of 76 instances, 62%) only reported whether they used the full GEQ (FU) or certain subcomponents (SU), but not the number of items.
Overall, except for one paper citing GEQv07 [42] and 2 papers [34, 38] presenting the complete list of items used in the appendix, there is no sure way to infer (apart from clarifying it with the authors) which version of the GEQ and which items were actually used. These ambiguities make it impossible to perform a statistical meta-analysis. This can be seen as one of the undesirable consequences of the lack of a formal publication of the GEQ.
Psychometric properties
We observed a high variation and inconsistency in the way the statistical results were reported across the reviewed studies. Besides many papers not reporting the number of items used, some only reported selected descriptive statistics (e.g., only the GEQ sub-components which showed significant correlations or differences between experimental conditions). Table 3 . Distribution of papers citing a GEQ reference before and after GEQv07 and GEQv13 were made available sometime in 2013. Note that "ItemSource Subtotal" is the sum of the six columns on the left, which in principle present all GEQ items. *The sums are from the 8 categories of Only six papers presented factor analysis results, but to a varying degree of detail. Nonetheless, none of them could confirm the original 7-factor structure of GEQ. Johnson et al. [33] , for instance, state: "In total, five items were dropped, and a final 6-factor solution (which explained 48.4% of the variance) was chosen as best reflecting the underlying structure. In contrast to the original factor structure, positive and negative affect items were found to load on a single factor which was renamed enjoyment with negative affect items reversed" (p. 118).
Overall, the incompleteness and often lack of statistical results is another major concern that we identified through the review.
VALIDATION OF THE GEQ
We conducted an online survey to empirically investigate the psychometric properties of the GEQ. While the original GEQ report lists 42 items [54] , we chose the 33-items version, as this was the most commonly known deployed variant of the GEQ in the literature review (see Table 4 ). Our online survey is comparable to the original study described by Poels et al. [54] , who recruited half of their 380 participants online to play their game of choice and fill in the GEQ immediately afterwards (see also pp.17 -18 in [54] ).
Procedure
Participants were recruited via Amazon Mechanical Turk.
Only participants with a HIT Approval Rate greater than 95% and more than 100 approved HITs were recruited. After providing consent and basic demographic information, they were asked to briefly describe a recent experience -no longer than 24 hours ago, -they had playing a digital game. The survey was strictly limited to the last 24 hours to make sure that participants actually remembered how they felt after the experience. Additionally, they were asked to report what game they had played, what genre it belonged to, on what platform they had played the game on, how many hours ago the experience had taken place, and whether they played it with other people (either online or offline). Next, they were asked to rate their experience on the 33 GEQ items (5-point Likert scale, 0 = Not at all, 4 = Extremely). Finally, participants were asked to indicate whether they answered the questions seriously, which served as a self-reported measure of data quality. They also had the option to comment on the study and were given a completion code to receive $0.60 compensation. Note that in the original GEQ study [54] , participants either received a small financial compensation or could partake in a raffle for a PlayStation 3. The survey took 9 minutes (SD = 6.2 minutes) to complete on average.
Participants
A total of 640 US participants completed the survey, but 7 participants were excluded because they completed the survey unrealistically fast (i.e., in less than 3 minutes). Hence, a total of 633 participants (M age = 33.78, SD = 10.57, range = 18 − 80; 46.9% women, 2.4% non-binary or not specified) were included in the analysis. On average, participants had been playing games for 19.48 years (SD = 8.87, range = 1 − 43).
Participants could freely choose a game they played in the last 24 hours. Most participants had played a casual game (17%), followed by strategy games (16%), action-adventure (9%), sport (8%), first-person shooter (8%) and role playing games (8%). About a third of participants played the game on a PC or laptop (31%), another third on a mobile phone (29%), and a third on various consoles or hand-held devices.
Results
We first conducted a confirmatory factor analysis to verify the reliability and original 7-factor structure of the GEQ, followed by an exploratory factor analysis to pinpoint potential problems with the questionnaire. The R script of all statistical analyses is included as supplementary material.
Confirmatory factor analysis (CFA)
To test the multidimensional factor structure of the GEQ, we first conducted a CFA with the initial 7-factor model (i.e., Challenge, Competence, Flow, Immersion, Positive Affect, Negative Affect, Tension). All items were specified to load on their designated factor, and the loading of the first item was constrained to one. Table 6 ) further indicates problems with the originally postulated factor structure of the GEQ, with only GFI and AGFI indices being within an acceptable range [49, 67] As shown in Table 7 , the reliability of the individual GEQ sub-components was not satisfactory for Negative Affect (ω < .7) and barely satisfactory for Challenge. This was also While the CFA is an overall test of the structure of a questionnaire, EFA allows for more interpretation and investigation into the reasons why the psychometric properties of the questionnaire may be insufficient. Hence, an EFA was conducted to identify weak items and theoretically meaningful factors. Bartlett's test indicated factorability (χ 2 d f =528 = 11586.3, p < .001) as well as the average Kaiser-Meyer-Olkin factor adequacy measure (Overall MSA = 0.94, none below .8). Next we conducted a parallel analysis, which determines the optimal number of factors by comparing the factors extracted from the observed data with the number of factors extracted from a random data matrix [59] . Although parallel analysis suggested 6 factors, we decided to investigate a 7-factor structure -following the original 7-factor structure of the GEQ -to assess whether items need to be removed or reworded. Exploratory factor analysis using minres and oblimin (oblique) rotation extracted seven factors explaining 57% of the total variance. Oblique rotation was chosen because we expected some factors to be correlated. Factor loadings (MR1-7) and communalities (h2) of the 33 items are depicted in Table 5 .
Results from the CFA and EFA suggest that the original factor structure of the GEQ is not adequate. In this case, items with communality values below .30 should first be investigated [23] . For the present study, two items of the Challenge component fell below this threshold, item 32 "I felt time pressure" and item 33 "I had to put a lot of effort into it". Next, we examined items loadings [23] . The .40-.30-.20 rule [23] states that an acceptable item should load at least .40 on its primary factor, not more than .30 on any other factor and the loading difference between the primary and secondary factor should be at least .20. Table 5 shows that items 12, 28, 23, 32 and 08 load less than .40 on their primary factor. Items 12, 05, 28, 23, 32, 08 also exhibit substantial cross-loadings.
Apart from these problematic psychometric properties, several issues emerge with regards to the interpretation of the factors. The factor MR2 was defined by high loadings of most Tension and Negative Affect items, as well as item 32 from the Challenge subscale, indicating that these components are not clearly separable within the GEQ. Based on our results, items 23 and 32 should be removed, leaving only Tension and Negative Affect items to form one factor. Positive Affect items clearly loaded onto one factor (MR1), without any issues regarding problematic items or cross-loadings of items from other constructs. Immersion as a distinct factor seemed to work reasonably well, however item 12, "It was aesthetically pleasing", should be removed. Competence also showed acceptable psychometric properties and no substantial influences of items from other components. Flow could possibly be improved by removing items 05 and 28, as they barely loaded onto the same factor (MR4) to an acceptable degree (i.e., .451 and .345 respectively). However, the remaining items "I lost connection with the outside world", "I forgot everything around me", and "I lost track of time" would arguably constitute a very narrow conceptualisation of flow, better described as "loss of sense for time". Item 32 "I felt time pressure" did not load with the other Challenge items onto one factor and should hence be removed. The remaining Challenge items may work as indicators of this component, but in light of the aforementioned concerns with regards to internal consistency, it seems risky to rely on only 3 items to measure Challenge. Finally, as Negative Affect and Tension formed one factor (MR2), the last factor MR7 does not represent a meaningful factor. It was defined by items 05 and 08. Clearly a 7-factor solution is not appropriate for the GEQ with this set of items.
DISCUSSION
Despite lacking a formal peer-reviewed validation, the GEQ has become one of the most prevalent instruments to measure different key dimensions of the player experience [50] . Indeed, our literature review counted 73 publications that employed the questionnaire, and many more publications included other modules and variants of the GEQ, or based their own questionnaires on it. This popularity arguably comes down to the GEQ items being readily available to researchers. However, in analysing various applications of the GEQ in current games research, we observed several inconsistencies and oddities with regards to reporting and citation practices surrounding the GEQ. We argue that these concerns can be to a large extent attributed to the semi-transparent process of disseminating the GEQ when it first emerged a decade ago. Further reflecting the uncritical use of the GEQ, we also observed substantial gaps with regards to reporting the instrument's psychometric properties. In fact, our own validation study confirms earlier scepticism [8] and empirical findings [6, 31] that the factor structure of the GEQ is not stable. In the following, we discuss the implications of these findings.
Cursory Literature Review
Specifically, the disarray around referencing the GEQ may imply a two-way problem. On the provider/author side, the confusion could have been mitigated if the originators of the GEQ had submitted their work for formal publication [50] . Given the comprehensiveness of the original FUGA deliverable [54] , it is all the more surprising that the GEQ originators have not done so. On the consumer/researcher side, much more scrutiny should have been given to citing references, such as which variant of the GEQ was employed or whether they actually include the questionnaire items. Otherwise, this risks propagating erroneous information. Notably, Norman's [50] review of the GEQ referenced the 2007 FUGA project deliverable as published in 2009, where the GEQ consisted of 42 items. Norman stated that the number of items was 33, as revealed in "[a] copy of the questionnaire made available by the authors" ( [50] , p. 279). However, he did not specify which 'copy' nor when it was made available. Ironically, it appears that reviewers of that paper were also confused by what was being reviewed. Hence, this challenges Norman's [50] remark that "[...] by publicly fielding the [GEQ] prior to journal publication [the GEQ research group] call into question the practical utility of the peer review process as the gatekeeper of standardized questionnaires." Indeed, our systematic literature review attest the very significance of the peer review process on the GEQ, which could have mitigated the confusion and oddities we identified. Our findings also echo Marshall and Linehan's [45] analysis of how the work of Vandewater et al. [68] about the relationship between children's video game Session: Paper Presentation CHI PLAY 2018, October 28-31, 2018, Melbourne, VIC, Australia use and obesity has been misinterpreted and proliferated in research on exergames.
Importance of Correct Citation
Our findings also reflect the disquieting tendency of "throwaway citation of prior work", a serious concern already addressed by Marshall et al. [46] . It can be argued that the undesirable practice of skimming related work might be caused by the pressure of citing signature papers in a specific area -an observation that many researchers could probably attest, that reviewers often comment on the omission of some "must-cite" papers, even though they may not be entirely relevant. Another plausible reason is the sheer volume of publications for a well-researched topic; some researchers unfortunately -likely under time pressure -choose to look at the abstract (and conclusion) of individual papers and then cite them. Nonetheless, there is absolutely no excuse that citing authors do not digest the paper cited, reflect on, and critique the ideas related to their own work. However, for the case of the GEQ, it is alarming to note that even the citation is not properly checked, let alone the content of the document cited.
Manuscript in Preparation
The notion of "Manuscript in preparation" is intriguing and worthy to be further investigated. How many years after a concept/tool has been conceived/developed and documented can we query its publication status as "Manuscript in preparation"?
As shown in Table 2 , 11 out of the 26 papers cited the GEQ as manuscript in preparation were published after 2013, with four of them being published in 2017. Note that we do not argue that an "old" tool should not be used or manuscripts should not be cited. What we find puzzling is that both the citing authors and cited authors seem not bothered to clarify the publication status of the work when some apparent changes were made between 2007 and 2013.
Interestingly enough, the tag "Manuscript in preparation" does not appear in the title page or in fact anywhere in the publicly accessible GEQ documents released under the names of its originators. The tag could be automatically generated by a repository or search engine as a meta-data field when no formal publication venue was specified. Nonetheless, we surmise that a good number of researchers use Google Scholar, at least for an exploratory literature search on a specific topic. To give a rough impression, the search phrase "manuscript in preparation" returned about 724,000 hits (as of February 2018). Hence, there is a fair chance of encountering manuscripts in preparation when one looks up articles with this search engine. What strategies for using and referencing such a publication type should be taken to avoid the citation issues we witnessed in the GEQ? In this regard, we argue for shared responsibility of four major roles:
Researchers: It is imperative to follow an established citation practice such as the APA style, specifying where (i.e., URL) and when a manuscript was retrieved. In fact, such information is absent in many of the 73 papers we reviewed, aggravating the confusion. The status of a manuscript under preparation should be updated at most 5 years after its first release; while it may sound an arbitrary period, researchers are typically asked to establish and evaluate a three-to five-year publication plan, with concluding ongoing work being one of the tasks in the plan. Recently, O'Brien et al. [52] published a peer-reviewed study, which verified the factor structure of their User Engagement Questionnaire (UEQ) and shortened it from 31 to 12 items. In contrast, no report is published how the core GEQ has been changed from 42 to 33 items. While we do not comment on the UEQ per se, what we find commendable is their exemplary instructions on how to administer the long and short forms of the UEQ, and how to score as well as analyse them. Of particular relevance are their caveats on changing the wording of the items, altering the rating scale, utilising a subset of components, inserting/removing items, or translating the tool, because these could nullify the tool's established psychometric properties. With such a comprehensive guide, the chaos we observed in deploying the GEQ could have been curbed.
Reviewers:
The References section may not always be thoroughly checked by reviewers, who arguably tend to look at certain items of interest instead of the complete list. We suggest that special attention be paid to references tagged with manuscript in preparation, identifying potential flaws and asking for clarification, when applicable.
Educators: The specific case of the GEQ made us ponder the implication for teaching next-generation HCI researchers, especially how to treat resources without a formal publication status. We amplify the call that researchers should critically analyse the quality of the work to be cited [45, 46] and cite it properly. Furthermore, it is crucial that statistical findings be reported systematically to ensure transparency and accountability of the work. These are all basic skills that research students must acquire as an integral part of research methods and ethics courses in their early training years. While this recommendation sounds banal, the problematics we identified suggest that more needs to be done in actual teaching practices.
Apart from the aforementioned "personal" factors, some technical issues should be addressed. The same article can be shared in multiple platforms and repositories, which often are unfortunately not interoperable, resulting in inconsistency. A web service inviting authors to edit their list of publications has already been provided by agencies such as Google Scholar Citation 3 . Ideally, if a mechanism could be developed to tackle the issue of interoperability whereby a single update can be propagated to different sites, it would help clear up the issues of (mis-)citation.
Reliability and factor structure of the GEQ Our own validation study combined with the reported reliability values in the literature review clearly show that at least the Challenge and Negative Affect components are highly problematic. Although internal consistency as measured by Cronbach's α is considered outdated [15] , low values of Cronbach's α still point to problems with a scale [11] . We therefore recommend that authors who decide to use the GEQ should conduct a factor analysis to investigate the structure of the scale within their specific sample. Arguably, this is not a very practical solution for studies with low sample sizes, as exploratory factor analysis requires a large number of participants to be reliable [23] . Reviewers should request basic psychometric data from researchers, such as Cronbach's α, ideally including other indicators of reliability such as omega (see [15] ) and results from exploratory factor analysis, if the sample size is above 200 and on a 5-to-1 participants to variable ratio [23] . If items share substantial cross-loadings, such as in the case of the Tension, Negative Affect and Challenge items, they should be removed, because item ratings might not be influenced by the underlying construct (e.g., Tension) but multiple other aspects, making the average score on Tension difficult to interpret and potentially misleading. Thus, we do not recommend using the GEQ in its current form. Some subscales appear reliable and structurally valid (e.g., Positive Affect and Immersion), however, other subscales that perform reasonably well with modifications (e.g., Flow when removing items 05 and 28) might not fully reflect the construct that was intended to be measured (i.e., low content validity).
There are several paths forward from this. Similar to the GEQ originators [55] , a researcher may begin with examining common components of players' experiences with games and develop a questionnaire based on the extracted factors. However, this was beyond the scope of this paper. We therefore aimed to combine factors and identify problematic items to find a structure that fits the data. While revising the GEQ solely on this data would likely overlook some aspects of the player experience, such as a more narrow and limited conceptualisation of the Flow sub-component, it nevertheless provides a starting ground to improve and possibly extend the GEQ.
Limitations and Future Work
In the following we address some shortcomings inherent to our work and how these might be improved upon.
3 https://scholar.google.co.uk/intl/en/scholar/citations.html Analytical work / Literature review: There exist many information gaps in the papers reviewed, such as the number of items employed not reported in 47 out of 73 papers. We could painstakingly track these data by asking the respective authors to provide them, enabling us to fill some, but likely not all, of the gaps; it could be very challenging to yield such responses. In addition, there are omissions of basic statistical data essential for meta-analysis. It is daunting to take on such a clarification effort, which may not have a reasonable return on investment, because we need to rely heavily on the cooperativeness and generosity of the authors to look into their published work that they may regard as closed.
Empirical work / Validation: While our validation study exposed the instability of the original 7-factor structure of the GEQ and identified problematic items, we have not proceeded to conduct further empirical studies for improving on the GEQ -but refer to Johnson et al. [30] for a revised 5-factor structure. Potential drawbacks of deploying the online survey via Mechanical Turk may be relevant to our study such as the social desirability bias [1] and validity [9] , which we attempted to mitigate with a careful filtering mechanism. Nevertheless, our findings are comparable -albeit not identical -to previous attempts testing the GEQ factor structure [6, 30, 31, 33] .
CONCLUSION
Typically the main purpose of applying an evaluation tool is to identify strengths and weaknesses of the system under scrutiny. Clearly, if the tool is flawed, inferences drawn from the evaluation results can be erroneous, leading to a waste of effort or even drastic consequences. Hence, it is critical to ensure that such a tool is powerful in terms of its validity, reliability and sensitivity. Currently, as shown by our systematic literature review and validation study of the GEQ, the psychometric properties of this tool are yet to be fully established. While this issue of the GEQ has already been discussed by other researchers [6, 8, 30, 31, 50] , what we find is an even more critical and worrying problem: To what extent do citing authors know the work of the cited authors? This query is related to the messiness we witnessed in referencing different versions of the GEQ. It suggests that some authors might take the questionnaire from somewhere and apply it without knowing its source, development history or properties. We highlight this as a wake-up call for reinforcing the proper citation practice as an integral part of educating the next generation of HCI and games researchers.
Probably the case of the GEQ is not unique; there may be other similar cases in other fields from which we can learn, especially how they typically cite and use manuscripts in preparation. We consider this as our future work. Another avenue for future work is the refinement of the GEQ or the development of a new tool serving the purpose of evaluating gameplay experience for a range of game genres. Certainly, this new tool must be rigorously validated, timely documented, properly tagged, and formally published.
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